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Agenda

» Phasor Technology — Overview
» The Importance of Using Synchronized Data
» Review of Some WECC Events

» CA ISO Real-Time Dynamics Monitoring System
» Project Objectives
» System Architecture
» What the System Operator Will See

» RTDMS Visualization
» Architecture
» Navigation Within RTDMS
» Displays
» Client Support

» RTDMS Application Demo
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Phasor Technology Overview
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What Causes Power to Flow on the Grid

; T4 Yy ia :
Generation

Comsorumron ELETRG RILIABLITY TEOROIOGY SOUIIONS

DC power system - Power flows from a point of high
voltage to a point of low voltage.

AC power system - Power flows from a point of high
voltage angle to a point of low voltage angle. The higher
the angle the greater the power flow.

3 Electric Power Group
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What Causes Voltage Angle to Increase

What can cause the voltage angle to increase?

» Increased scheduled power transfers between source
and sinks (increasing the prime mover [e.g. steam] In
source generators and decrease on sink generators).

» Transmission lines removed (forced or scheduled)
from service between source and sink, without
adjusting schedules.

» Loss of generation in the sink area.

LCERTS, ¥ Electric Power Group
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Eastern Interconnection - Angle Separation on 8-14-03
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Power System Dynamics

Mechanical Analogy for Power System Dynamics
L*:Tl‘:«

é »Balls analogous to generators with different inertia
» Strings analogous to the physical power grid

1 Ll
124215 Time 124230

» Pendulum swings analogous low-frequency oscillations
observed by Phasor Measurement Units (PMUS)

» Oscillations may either decay or grow implying stability or
instability respectively

CERTS ¥ Electric Power Group
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Source of Phasor Measurements

Phase Conductor
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What Phasor Measurements are all about

Phasor Overview

“Reference 60Hz Signal using GPS time signal”
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What Phasor Measurements are all about (cont.)

Strobe Light Analogy

RERCRREREE
ronmsren  (RRICRER

Pure 60Hz Signal
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What Phasor Measurements are all about (cont.)

System Wide “Snapshot” Across Power Grid
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Importance of PMU Data Synchronization

Phase Angle Difference - Synchronized Data |
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What Phasor Measurements are all about (cont.)

WECC TOTALS

Energy Control Netwiork
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Futurs Network
Connection
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Networking - Most stability events, involve a widespread area, and involve
oscillations and control interactions between neighboring utilities and
geographic operational regions. This dictates the need for multiple
recording devices across the transmission grid.

Time Synchronization - Phasor measurements are time-stamped using
the global satellite positioning system so that measurements from across
the interconnection can be precisely aligned for comparison against one

another.
CERTS,
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What Phasor Measurements are all about (cont)

WECC TOTALS
55 PMUs

379 Phasors
CAISO TOTALS
42 PMUs

286 Phasors

CONVENTIONS

States with PNMU
Installations
Macrodvne PDC
(Not in Service)

BPAPDC
Network connection
SCE-LDWP-BPA

Microwave Circuit

-« Futurs Network
Connection

(zatb) =PMUs/ =Phasors

The Primary Hardware Elements in a Phasor Network are:

Phasor Measurement Unit (PMU) — PMUs are located at key substations and
measures and are capable of gathering better data at higher sampling rates than
analog monitoring devices. The PMU time stamps the local frequency, voltage and
line currents at a rate of 30 to 60 times per second. The voltage and current data is
used to calculate MW and MVAR flows on key lines. Substation PMU phasor data is
transmitted to a PDC at a central location..

Phasor Data Concentrator (PDC) — Receives, integrates, and stores phasor signals
from remote PMUs. Can also exchange records with PDCs at other locations. One
of the primary functions of the PDC is to perform data synchronization.

LCERTS, ¥ Electric Power Group
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Phasor Technology — Industry Uses

» The use of phasor technology allows the industry to take high
resolution “snapshots” of what is happening throughout the
Western Interconnection grid and evaluate the grids performance
during system events.

» System operators and planners can use data gathered by PMUs
for a host of applications, including:

e State estimation

» Real-time wide area monitoring

« Validation of power system models

* Transient instability protection and fault location systems

LCERTS, ¥ Electric Power Group
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Value of Phasor

WECC’s Experience

Comparison of model simulation
system performance predictions
prior to the WECC'’s August 10,
1996 blackout (lower panel) and
conditions actually recorded by
phasor technologies (upper panel)
showed that the planning models
were not able to accurately
capture underlying causes of the
blackout

The WECC has since modified
their simulation models to better
represent actual system
performance.

Comsorumron ELETRG RILIABLITY TEOROIOGY SOUIIONS

echnologies - Example

Actual System Performance '\

4500 Observed COl Power (Dittmer Control Center)
L0 F
2000
i | Wil
LS00 Simutated CO! Power (intial WSCC base case)
4400
20k
o L ——
Il 3
L 4 13 1 L] 1) . . )
] 10 20 » &0 0 €0 70 0 w0

Time in Seconds

Model Simulation - Predicted
System Performance \,
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Actual WECC Phasor Data
Events
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WECC EBvent - #1

. Location: Western Interconnection

. Date/Time: Friday, August 4, 2000, 7:56PM

. High Static Stress and Low Dynamic Stress

. System Conditions:

1)

2)

3)
4)

5)

System was operating with an angle greater than 90 degrees between
Devers Substation (Palm Springs, Ca.) and Grand Coulee Power Plant
(near Spokane, Wa.), a distance of over 1,000 miles

A 500 kV tie-line exporting power from British Columbia to Alberta,
Canada tripped

Loss of line resulted in increased flows by 450 MW

The dynamic stress between Devers and Grand Coulee increased to 108
degrees (an 18 degree increase)

System oscillated for about 60 seconds showing low damping

3 Electric Power Group
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WECC Event-#1

08/04/00 Event at 12:55 Pacific Time (08/04/00 at 19:55 GMT )

130
I A A ANAAA A AL AL
108 NS SN PSRN SR VAR Y HL, VAR ZAVERVE LVIL VAN | AN PN A  Grand Coulee
wwh—mﬂ/\/\/\/\A/W\/\/\/\/\/\MWMm — John Day
87 — Malin N
@ o I ~N\NV NN AAAAN A e L Colstrip
g, 65 — Big Eddy 500
< S e A A S B IR S Bt A e Keeler 500 kV
— Vincent
2y ) R RN S A R I Devers 500 kV
— Vincent 500kV
22 S e S e e e S S s Mohave 500kV
1 Devers 500kV
0 Grand Coulee 500kV

19:55:50.00 1956:16.47  1956:33.93  1956:5140  19:57:08.87 19572633  19:57:43.80
Pacific Time

Angle Reference is Colstrip
J. Balance, B. Bhargava, G.D. Rodriquez, “Use of Phasor Measurement System for Enhancing AC-DC Power System
Transmission Reliability and Capacity.”
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Comparison with August 10t 1996

4600 = Observed COl Power (Dittrmer Contrdl Center) , ‘ T
4400
4200
4000 7 i
| | | | | | | # .
0 2 40 60 80
Time in Seconds
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WECC Event # 2

. Location: Western Interconnection
. Date/Time: Tuesday, October 8, 2002, 3:38PM

. Abnormal Interconnection Frequency: 59.62 Hz (380 mHz)

. System Conditions:
1) An AC line fault occurred in the northwest tripping three 500 kV lines

2) SPS operated by applying the 1400 MW Chief Joseph break and tripping
2800 MW of generation in northern WECC system.

3) The frequency dropped to 59.620 Hz.

LCERTS 3 Electric Power Group
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WECC Event #2

10/08/02 Event at 15:30 Pacific Time (10/08/02 at 22:30 GMT )

60.024
59.937 |
— VINC
| — MOGS
gz‘ 59 850 ) — DEWR
o ,/ BGCR
o — ALAM
o ,/74 SONG
o 59.762 —
ez — KRMR
— DEV2
, — ANTP
59.675 VLY
— BPA1
59.588
15:31:1400  15:31:17.33  15:31:2067 153122400  15:31:27.33  15:31:3067  15:31:34.00
Pacific Time
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WECC Event # 3

. Location: Western Interconnection
. Date/Time: Sunday, January 15, 2006, 00:24AM

. Generator Trip (System Frequency Response Captured by RTDMS)

. System Conditions:
1) NEW Caolstrip Unit 1 relayed while carrying 240 MW
2) System frequency deviated from 59.995Hz to 59.947Hz
3) Recovered to 59.961Hz by governor action

4) Returned to pre-disturbance level at 00:29

LCERTS 3 Electric Power Group
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WECC Event #3

RTDMS Event File Name “20060115_002424"

[‘g‘ Real-Time Dynamics Monitoring System v3.0 - Grid3P Event File: C:\Program Files\CERTS-EPG Grid 3P\RTDMS Server 3.0\event\20060115_002424.dat {LEJE

Frequency (Response] Path Dynamics Rel. Angle/Volt. Magnitude Path Flow - MW

Path Flow - MVAR Event Files Alarm Logs Configuration Help

Real-Time Frequency (Response) Monitoring - 1 Second Refresh Rate Local Frequency Coherency Comparison

3 C:\Program Files\CERTS-EPG Grid 3P\RTDMS Server 3.0\event\20060115_002424.sum

5=
Tinestamp SignalName Type Value(Max-Min) Threshold Comment ~
20060115 00:24:24 COLS.FR.Colstrip Freg FR Event 0.0559 0.05 Frequency transient detected

20060115 00:24:25 COLS.FR.Colstrip Freg FR Event 0.0639 0s Frequency transient detected |v

< >

Interconnection Frequency (Hz)

10 20 30 40 50 60 70 80
Duration Over Last 1 Minutes (%)

R L Replay

Date/Time: | 15-Jan-2006 O

Scroll Monitoring Panel 2 Data Panel 3 Data

Scroll Monitoring Data

Identify
Trip
near
Colstrip
PMU

7 At Fefiesh | e S s A B Q|| <« .| >

RTDMS Client ( Version 3.0 )
COLS

Frequency

© Electric Power Group, LLC 2004

RTS

oMSORTIVM TR ELECTRG RILABLITY TEOWOIOGY SOUNNS

ad S (S

Frame: 3530

Nomal v/
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WECC Event #3 (Frequency Response)

January 15, 2006 (CA 1SO Log)
01/15/2006 - 00:24 System frequency deviated from 59.995Hz to 59.947Hz and recovered to 59.961Hz by governor action when
NWE Colstrip Unit 1 relayed while carrying 240 MW. System frequency returned to pre-disturbance level at 00:29.

Local Frequency Coherency Comparison

59 991HZ

=
z
=
3
3
=
2
[
=
2
k]
@
£
£
S
=
2
£

Identify
Trip
near
Colstrip
PMU

30 5 310 15 20

M! rom ner. req,m Z)

Jan 15, 2005 00:24:24 AM

ISZAF’/AfZSOOMW/O.lHZ| INEVAS — N """"""""
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Any Questions
About Phasor Technology?
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Real-Time Dynamics
Monitoring System (RTDMS)

LCERTS, ¥ Electric Power Group
Si



Project Objectives for RTDMS Applications

> Develop a Real-Time Phasor Monitoring Prototype System for use by
system operators at utilities, ISOs and reliability coordination centers.

» Enable system operators to gain familiarity with phasor technology for
reliability monitoring and real-time operations.

> Learn to utilize phasor data to recognize normal and abnormal conditions,
and assess grid stress.

» Provide system operators with real-time wide area information to increase
situational awareness to avoid August 10, 1996 type blackouts.

» Monitor across the entire Western Interconnection (WI) for reliability,
stability, system dynamics, and other key metrics using time
synchronized phasor data.

» Enable system operators to evaluate and provide feedback on metrics
monitored, visualization formats, functionality and displays.

LCERTS, ¥ Electric Power Group
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CA ISO RTDMS System Architecture

CAISO PHASOR NETWORK DIAGRAM
(PRESENT AND FUTURE)

BPA-WAPA cals9 SUGGESTED

(=]

— &b PDC/SERVER
g 7 ROUTER SRR
(FUTURE)
PDC gROUTERY N 04 L EETTTETEeS )
S SWITCH P SWITCH
PRIMARY SECONDARY
SCE s (BACKUP)
PRIMARY PHASOR (] SECONDARY PHASOR

ROUTER DATA SERVER DATA SERVER
(with Administration (with Administration
Foe WECC tools) tools)

WIDE-AREA

iy G swcH
_______ b et 5l
PG&E LOCAL AREA
= NETWORK

|
|
|
CLIENTS | I

CAISO Workstation No.1 CAISO Workstation No.2 CAISO Workstation No.3 Future
Development Room Control Room Operations Desk Workstation

ROUTER

PDC

FUTURE

(=

E] & E For Hardware Requirements, please
_— PRESENT NETWORK CONNECTION see Background pages
ROUIER s FUTURE NETWORK CONNECTION

PDC - PHASOR DATA CONCENTRATOR J. Coroas - 12/19/05

CERT ¥ Electric Power Group
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CA ISO RTDMS System Architecture

Data Acquisition

- Data Reading

- Data Cleansing

- Data Processing

Data Management

- Short-Term Buffer
for RT Monitoring
and Alarming

- Historical Data for
Trending/Reporting

Remote Monitoring

Clients

- Data Retrieval

- RT Monitoring &
Alarming

- Trending & Reporting

CERTS

oMSORTIVM TR ELECTRG RILABLITY TEOWOIOGY SOUNNS

RTDMS “Configuration” files allow for
import/export customized displays

LRTDMS REMOTE CLIENTS

PDC PDC PDC PDC
PDC Stream PDC Stream
___________ 0% o S | YR, 7 DI ... i o A
Central Host Environment (CAISO)
CAISO PDC
[
Phasor Data - . FOCStream nl
(PDCStream Output) Labeling Information lg
( Y
4
( ' y W P —_————— N
PDCSTREAM DRIVER | o o o o e o o o o o o ] o o
; - glca S § : A — T | Report Data
- Scalin g LARM ; 1 Report Da
2 ] | | Processor THR(;[L'%?'C ! I Trend Data
L= | Threshold Change : 1
vy Are u?:Lfrvi-'TL_m—le' a ): Violations ; :
SERVER GUI - Emor Filtering 1
View/Update: - Noise Filtering z | ALARM/EVENT PROCESSOR I :
- Static Information (= o 1
EEsveLAlGIn Setings ' PDC DATA READER | 3 Y
) & {REPORT GENERATOR |
RTDMS SERVER '.“.SB'YVEEE’?!EBJ
- J
ﬂl
e
( REAL-TIME PATH " ARCHIVED DATA PATH
- Real-Time Data I- Lonlg-teml Data Trends
= —— - Alarm - PMU Performance Info.
CLIENT cgm.gumo" | - PMU Point Definition l-Alarm History
nglUpgai?_]: — PP = = = - -
- Client ti ~eree
lent Configuration | = I iy

CURRENTLY EXIST

OMER™| |
APPLICATIONS PLANNED DEVELOPMENT
3 Electric Power Group
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RTDMS — What will the System Operator See?

» Wide Area View of WECC — Key metrics at selected
locations and transmission corridors.

» Key Metrics Include — System frequency, voltages,
phase angles and angle differences between major
sources and sinks

» Violation of Key Thresholds (defined limits) — Visual
alarming (color coded)

» Rapid Changes in Metrics - Visual alarming

> ldentify System Anomalies

LCERTS, ¥ Electric Power Group
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How To Navigate Around
The RTDMS Screens

LCERTS, ¥ Electric Power Group
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RTDMS Visualization Architecture

Offline Analysis Mode

Real-Time Dynamics Monitoring System™ (RTDMS)
- Real-Time Monitoring Mode
- Offline Analysis Mode

RTDMS Client { Version 3.0 )

Real-Time Monitoring Mode |{f=h7

Path Flow (MV&R)
@ Electric Power Group, LLC 2004

RTDMS Client { Version 3.0 )

Path 75

Path Flow [MVAR)
© Electric Power Group, LLC 2004

Y

Y

Frequency (Response)
& Generation-Load
Imbalance

Path Dynamics
(Angle Difference
Across Regions)

:

v

LERTS

owerOn ELECTRC RILIABLITY TEOWOIOGY SOUNNS

Relative Angles &

Voltage Magnitudes

MW & MVAR
Transfers Across
Paths

y

v

Wide Area & Local Area Monitoring
4-Panel Visuals

3 Electric Power Group
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Four-Panel Display Major Functions

Dlsplay Tabs ~ Configuration/Help Functigns

mmmmmmmmmmmmmmmmmmmmmm

Tracking/
Comparison

Date/Time
\A yiconcn o [ o noe| Do FeprDol
v === j Scrolllng/TabuIar Text

Navigation Icons

LERIS 3 Electric Power Group
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Sample Four-Panel Display

[? Real-Time Dynamics Monitoring System v3.0 - Grid3P [ ][]

Frequency (Response) Path Dynamics Rel. Angle/volt. Magnitude Path Flow - M/ Path Flow - MVAR Event Files Alarm Logs Configuration Help.

Voltage Monitoring - 1 Second Refresh Rate (Ref: JDAY-John Day Bus Voltage) Voltage Comparison
Vincent 500 kV Voltage

 Grand Coulee Hanford Voltage(15= 541kV)

Ashe 500 kV Voitage-S(9= 543kV)

Moni Colstrip Bus Voltage(40+ 539kV)
onitor : &
Voltage angles = John Day Bus Voltage(0= 547kV)
and magnitudes () Keeler 500 kv Voitage(-6= 541kV)
- color coded £ summer Lake 500 kV Voitage-N(-10= 552KV) ‘ B ‘ co € ang les
- quickly identify _ selected
low or hi g h Malin N.Bus Voltage{(-14= 550kV)
volt age reg ions Capt Jack 500 kV Voltage-N(-14= 550kV) Ault 345 KV Voltage (Craig)(35~ 353kV)
3
. Big Creek 3 230 kV Bus Voltage(-11= 238KV) E
Shiprock 345 kV Voltage (San Juan Line)(10= 358kV) : %
=
1) Eidorado 500 Bus Voitage(-18 541kV) .
Vincent 500 kV Voltage(-28= 524kV) \. Mohave 500 Bus Voltage(-15= 533kV)
. { .\ Lugo 500 kV Bus Voltage(-29+ 534kV)
.Valle 115KV Bus Voltage(-39= 117KV) . . .
Devers 500 KV Bus Voltage{-31+ 524kV) ol historical tracking
SONGS SCE 230 kV Bus Voltage(-40= 231kV) 5 X % and Comparlson
V 4 r .
! 105 108 Ll ! over specified time
System Status oo ; ; ; ; ; duration

30 60 90 46:58 4748  48:38 4928
MM:SS

Date/Time: | 07-Mar-2005 14:50:18 Scroll Monitaring Panel 1 Data Panel 2 Data Panel 3 Data Scroll Monitoring Data
v Auto Refresh

RTDNS Client ( Version 3.0 )
Yincent 500 k¥ Vi

Voltage Magnitude & Angle

Angle (o)

© 2004

LCERTS 3 Electric Power Group
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Tabular Table

Scroll Monitoring | Panel 1 Data

Panel 2 Data I Panel 3 Data

I Scroll Monitoring Data

=TT .
- +

Scroll Monitoring

"f‘]n:n[u[][j= -

\ 4

e P TT

209

Panel 1 Data ‘ v

PMU_ID SignalName Magnitude Angle
14 Devers 500 Bus Voltage 528.2876 -34.5546
13 Vincent Voltage §22.3908 -32.8369
12 Slatt 500 kV Voltage-W 549.3148 3.37376
11 Sumner Lake 500 kV Voltage-N 551.4416 -12.7176
10 Capt Jack 500 kV Voltage—N 549.7593  -17.5791
9 Keeler GO0 VY Voltam, c41 7349 =6 75424
Panel 2 Data I \ 4
PMU_ID SignalName Magnitude Angle
14 Devers 500 Bus Voltage 526.3886 -34.947
13 Vincent Voltage 521.6262  -33.1724
12 Slatt 500 kV Voltage-W 549.4381 3.31532
11 Summer Lake 500 kV Voltage-N 651.4187 -12.6399
10 Capt Jack 500 kV Voltage-N 5498552 -17.5861
9 1 1 CO00 LU Vol C41 2CQa9D 2 24
Panel 3 Data A 4
PMU_ID Time SignalNane Angle
14 03-Dec-2003 18:58:39 Devers 500 Bus Voltage -35.715
13 03-Dec-2003 18:58:39 Vincent Voltage -33.8133
12 03-Dec-2003 18:58:39 Slatt 500 kV Voltage-W 3.3155
11 03-Dec-2003 18:58:39 Summer Lake 500 kV Voltage-N -12.7601
10 03-Dec-2003 18:58:39 Capt Jack 500 kV Voltage-N -17.6714
a N3 _Ne- 20032 10-C0 20 Voslew CON 1LY Unltaos —£ Q1n1¢
Scroll Monitoring Data ‘ v
PMU_ID Time SignallName Angle Magnitude
1 03-Dec-2003 19:00:02 Grand Coulee Hanford Voltage 20.9351 542.8341
1 03-Dec-2003 19:00:02 Grand Coulee Hanford Voltage 20.9287 542.8423
1 03-Dec-2003 19:00:02 Grand Coulee Hanford Voltage 20.9296 542.8574
1 03-Dec-2003 19:00:02 Grand Coulee Hanford Voltage 20.9269 542.8729
1 03-Dec-2003 19:00:02 Grand Coulee Hanford Voltage 20.9274 542.8843
1 N2_Nar_2N2 1Q-AN- N7 Cwand Cenlas Hanfend Ualtama 20 Q970 C47 2029
Scroll Monitoring Panel 1 Data Panel 2 Data Panel 3 Data | Scroll Monitoring Data | I
Time Frequency Load_Imbalance Threshold ~
28-Sep-2004 13:28:10 60.005 NaN 200 [
26-Sep-2004 13:28:10 60.005  NaN 200 [y iew/Print PanelData
28-Sep-2004 13:28:10 60.0051 NaN 200 .
28-Sep-2004 13:28:10 60.0051  NaN 200
28-Sep-2004 13:28:10 60.0053 NaN 200 v
AN ~o_ ANN4 4A0.A0.40 0 nnrcd AT Ann

3 Electric Power Group
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Navigation

7
|Mjp]

a
&
=~

!

|R Selection Arrow

This is the default Navigation tool. Selecting
this tool allows the user to click and move
through the different plots and data tables

R

With the mouse on the image hold the button
and slide the mouse down or to the left to
reduce the size of the image or move the
mouse up or to the right to increase the size
of the image.

| Reposition

Click the cross arrows, move the cursor to the
viewing panel, click the left mouse and drag
the object to the desired location in the panel

Zoom In/Out

ools

E Pick to Move Text

Click on the cross arrows with the pointer, move the
cursor to the text label, click the left mouse and
drag the text label to the desired location in the panel

i’ Pick to Display Data

Click on the arrow within the question mark to
select data within the plot or diagram

\E} Rubber Band Zoom

Click the magnifying glass with the box in the
background, place mouse within the plot or
diagram and left click to select the zoom
desired

Restore to Original
Size
Click on the double plot icon and click on the

appropriate panel to restore the plot or diagram
to its original size

3 Electric Power Group
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Auto Refresh, Freeze and Replay

Real-Time Streaming Data (Auto Refresh)

Date/Time: I 03-Dec-2003 21:45:59
v Wto Refresh

\ Click to remove “check” mark

Replay Data

Replay |€——
<(u|»] Time and Replay Mode

Auto-Rewind / ’@:\\Auto%omard

LCERTS, ¥ Electric Power Group
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Configuration menus allow easy scalability as new monitoring devices are added to the system

RTDMS Client Configuration Utility

= % |

® User-Defined
Clusters

Nk

Seltings
Ik v ke - et ok Coke ' Vighhghe Cokor |

Frequncyesose] | PahDyeares | Rel Argle/Vel Magwnade | Pt Flows (MW AR |
AFFLY | CRMCEL Factey Delmdt
e Neperey Y
l TS B ™ :‘“:'u.__.; — i&-
Py Mhorhe:
Pl s . - e =
Sty T e T -
[
= Nrwet - dae |
P
ot e ot o G B alali
o R Ladoe | PP — T e AT Wk
Fansons biwv [ % T PR e [
bdwin Thactatt v’ = w Y o o Lt [ TEE g 4 L
| . - | Bamd| I Gegacel 400 L
J==3 S| x| > e = | o o | I
Frequency Relative Angle / Voltage MW / MVAR Path

Monitoring Display

CERTS.

CousoeTmFOn ELECTRC RILIABLITY TEO®OLOGY SOUIIN:

Path Dynamics Display

Magnitude Display

Monitoring Display
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RTDMS Property Editor

= Change the maps in geographic
displays

= Modify font settings of titles, axis
labels, legend labels, identifiers, text
values etc

= Change graphics Properties
Adjust legends — their thresholds
and associated colors

Comsorumron ELETRG RILIABLITY TEOROIOGY SOUIIONS

%5’ Path Plot Properties Editor

=

—Map Settings:

—Font Settings:

Title Font Settings

Configure Map Settings |

Path Angle Value Font Settings

PrU Name Font Settings

—Circle and Arrow Size:

Legend Font Settings

PMU Circle 0.3

[Path anlge value color is determined by legend) i
3

I
|
|
L Path Arrow Width: | 0.3

—Line and Face Settings:

Path Armow Face Settings

| PMU Angel Dial Settings |

PMU Angle Circle Settings

I [Path arrow face color is determined by legend]

—FPath Anagle Legend Settings:

W1 W2 V3 w4 V5 V6 V7
Thresholds: [ 100 |75 | -50 |o | 50 [75 [ 100
<=W2: <=W¥3 <=V <=V5: <=VE: > VT

_ | .

Legend Title: [ Percentage Angle Diff

Edge Colors: |

erence wit Threshold

oK | Cancel J

3 Electric Power Group
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Alarm Logs

Whenever there are any preset threshold violations (i.e., a new alarm), the “Alarm Logs" tab is
highlighted in Red until the alarm in acknowledged — reappears in Red if a new alarm occurs

v R coiveon | v

Alarm Log Pop-up Box

Clicking on the “Alarm Logs" tab acknowledges
the alarm and the Alarm Log pop-up box appears

[ iiarm Cog
Click check box to I o e
show/eliminate the R Indvidud Freumncy

v Vallage Magniude v Mw
¥ Valtaga Angle ¥ MVAR

‘S;QFreq

alarms on different F
sFreq
types of monitored AULT R Ault Fragq

gg:; F:.Aull FEQq 5
H H X Baarx Eara Freq
metrics from being AULT ER Anit Frag
STAT PR Slate Fra

s 5 _FR.Slatt Freq
dlsplayed SLAT FR.Slatt Freq

SLAT . VM. Slatt S00 LV Voltage-V

SIAT VM Slatt 500 k¥ Veltage-E
SLAT VM Slatt 500 XV Veltage-E
SLAT VN Slatt 500 XV Voltage-V
SLAT VM .Slatt S00 XV Voltage-E

<] 3

= StRRTERR . NP TN e i a
07-Naxr-2005 14:12-28 07-Mar-2005 14 12:28
07-Maxr-2006 13:58:08 07-Hor-2005 13:58:08
07-Max-200% 14:26:57 07-Hor—-2005 14 26:58
07=Max-2005 14:25:41 O07V-Hox-2005 14 25:41
07~Maxr~2005 14:25:38 D7«Maxr-2005 14 25 38
07-Nax-2005 1425 38 O07-Mar-2005 14 25 38
07-Naxr-2005 14:25:35 D7-Har-2005 14-25:35
07-Nar-2006 14:23:03 07-Hoxr-2005 14:23:03
07-Maxr-2006 14:12:26 07-Haoxr—-2005 14:12:28
07~Nax-200% 13.58.06 OV-Hoxr-2005 13.58. 08
07-Max-2005 14:26:57 D07-Hoxr-2005 14 256.58
07«Max~2005 14:26:'57 O07<Mar-Z005 14 25 58
07-Naxr-2005 £4:12 26 D7-Har-Z005 14 1226
07-Nax-2005 13:58:06 07-Nar—2005 13 58:06
07-Maxr-2005 13:58:06 07-Hoxr—2005 13:58:06

CORPONWRIRRE: O

2]

&

[Retesn | Oex |

S I Clase '

List the various alarms
and relevant information
"~ (e.g. violation type. violation
start time, violation end
time, violation threshold, etc )

t

Click in “Refresh” to update
alarm list during viewing

CERTS

Cousoemumron ELEcTwC RILABLTY

t

Click in "Save" to save current
list of alarms into a text file

3 Electric Power Group
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Event Files (RTDMS Offline Analysis)

Click on “Event Files" tab to load an archived Solect Event File &

event file into the RTDMS application S Mch Selectan Event File to
l load into RTDMS for

EventFies |  Alaml | Cont Help l offline analysis
t Fi | ‘
= = il {files labeled by date/ime)

RTDMS in Offline Mode

Transient in frequency . i Sl e JULIEEL
measurements triggered
event capture
User-Defined

Clusters

i iR SR Alarm Summary box

HEG LS SR i listing all violations during
Title Box with blue event capture
background implies

RTDMS is running in

offline mode
= T Click on "Replay” button
“j *%  toswitch back to real-time
monitoring mode
LCERTS ¥ Electric Power Group
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RTDMS - Frequency Transient Example

Alarm log indicating Frequency Transient detected at the Colstrip PMU and
the time of the event \

wa
@
Frequency [Response] Path Dynamics ‘ Bel. Angle/Volt. Magnitude ‘ Path Flow - M/ ‘ Path Flow - MVAR Event Files [ Alarm Logs ‘ Configuration ‘ Help [

Local Frequency Coherency Comparison

& C:\Documents and Settings\Manu Parashar\My Documents\Phasor Data Files\Colstrip Event\20050803_111925.sum

Timestamp SignalName Type Value(Max-Min) Threshold Comment

20050803 11:19:25 COLS.FR.Colstrip Freq FR Event 0.0425 0.025 Frequency transient detected
20050803 11:19:26 COLS.FR.Colstrip Freq FR Event 0.1006 3 Frequency transient detected
20050803 11:19:27 COLS.FR.Colstrip Freg FR Event 0.0451 ¥ Frequency transient detected

_ Identify
E .
____________________________________________________________________________ = Trip
s near
2 Colstrip
g Interconnection Frequency & Imbalance Duration PMU

Scroll Monitoring Panel 1 Data Panel 2 Data | Panel 3 Data J Scroll Monitoring Data

Frequency Tracking: Colstrip Freq

Interconnection Frequen:

Date/Time: | 03-4ug-2005 11:20:25
o I A T s T T

RTDMS Client ( Version 3.0 ) JiH |
COLS £ Frame: 3353
Frequency

© Elactric Power Group, LLC 2004 Slow =1

Frequency response at Colstrip PMU

LCERTS 3 Electric Power Group
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CA I1SO RTDMS Functionalities Summary

RTDMS Functionalities at CA ISO:
»Includes BPA, SCE, WAPA, and PGE phasor data shown in real-time
»Server-Client architecture (Multi-user capability)
»Geographic visualization on Voltages, Angle Differences, Frequency, MW & MVAR
»End user configurability
»Replay capability
»Real-time alarming and event detection

»Event archiving and playback

LCERTS, ¥ Electric Power Group
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System Support and
Help Tab
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Real Time Dynamics Monitoring System v1.0 - Grid1p v
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Help Overview

Hide

Locate sck  Fol Stop

Contents |Sealch| Favor

Bjove:

@ Preface
+ @ EXECUTIVE SUMMARY
+ @ INTRODUCTION

@ QUICK START

+ @ REAL-TIME DYNAMICS MONITORING S
@ FREQUENCY (RESPONSE) MONITORINS
@ PATHDYNAMICS MONITORING
@ RELATIVE ANGLEWOLTAGE MAGNITL
@ PATH FLOW (M) MONITORING
+ @ PATHFLOW (MVAR) MONITORING
@ sLARMS
@ EVENT FILES AND OFFLINE ANALYSIS
@ CONFIGURABILITY
@ PROPERTY EDITOR
] CUSTOMER SUPPORT CONTACT INFOF
+ @ APPENDIX 1: PHASOR DATA DESCRIP

|a
v

Refresh  Home Print  Options

EEX

¥ Electric Power

Frequency (Response)
& Generation-Load
Imbalance

Overview
The Real-Time Dynamics Monitoring Systerm will enable]
system behavior during normal and disturbance conditi
rates, and RTDMS Client applications may simultaneo
provide operators and dispatchers both real-time informat
= Local and interconnection frequency, as well as
frequency measurements can be used to asses|

deceleration/acceleration during a disturbance.

Real-Time Dynamics Monitoring System (RTDMS™)

August 2005

I FE e ]
Hide  Locle  Bach Shop
Conterts | Seauch | Favostes |

) Overvew

Preface

. EXECUTIVE SUMMARY
@ NTROOUCTION
QUK START
REAL.TME DYNAMCS MOMTORNG S
FREQUENCY (RESPONSE) MONTORN:
PATH DYNAMICS MONTORNG
RELATIVE ANLEWCLTACE MAGNTL

R

Version 3

o

Refresh  Home Pt Qplors

Alarming logre built into the RTOMS Server has the abiity 1o analyze the streaming real-time data to detect and alamm on efther threshold wolations or significant changes
(e change within a second interval excoading a specified theashold) on cortain identifiod signals and matrics  In particular, the types of alarming logic within the RTOMS
Sarver include

*  System frequency exceedng specified threshold hmits

Local frequency variations exceed specibed thresholds limits

Sudden changes in system and local frequencies

Vohiage magnitudes exceed minimum or maximum thresholds (i.e. low or high voltages)

Suddon changes m voltage magndudes

Relative voltage angles exceeding specified thresholds limits wert chosen reference

Angle difference across specified paths exceed defined threshold limits

PATHEL

= (L) PATH FLOW (MVAR) MONTORNG
Overview

7] Path Flow (MVAR) Ore-Panel Disp

7] Path Fiow (MVAR) Four.Panel Disg

EVENT FRAES AND OFFLIE ANALYSE
. CONFIGURABUITY

PROPERTY EXTOR

CUSTOMER SLPPORT CONTACT NFOI
@ APPENDOC 1 PHASOR DATA DESCRP

Bows ac10ss speched paths exceed defined threshold ks

Note: When sudden changes in voltage magnitude or frequency signals are detected, the phasor data is stored into event files for offline post-disturbance analysis (Refer
to Section 11).

The threshold parameters and signale/metrics used for alammang are specified in the ‘PhasorArchiver ini' file at the RTOMS Server (1. file resides within the 'RTDOMS Server
307 gwectory). Having these alatrming parameter definitions and the detection capabdity &t the central RTDMS Server ensures consistency in the alarming process actoss
all RTOMS Clients oven when each RTDMS Client may differ in its particular configuration as defined through ds *Corfiguration Utiity* (Refer to Section 12)

(Note: The central alssming parameters may be changed by manually editing the PhasorArchiver.in. Altemately, the parameter settings within any RTDMS corfiguration
file that can be created on the RTOMS Chet using its “Configuration Utily®, may be imported mlo the RTOMS Server to automatically update the parameters i the
"PhasorArchivar ini' with the settings a¢ defined within the imported configuration fils. Please refor to the RTDMS Inatalistion and Support Guide for further detais on the
RTOMS Server corfigurability).

Whonever a violation is detected in real time, 1 is automatically logged into text files at the RTOMS Servar. For convenience, these alarm log Sles are named by the
starting date and time of the alarm logging process into the file (e.g. 20050007 _13525%alarm Jog' indicates that this file contains alarm logs beginning at13.52.59 on the
7™ of March, 2005). Al alarm logs at the Serr are stored in the in an “alaem’ folder wathin the 'RTOMS Server 30 directory (when the RTOMS Senvr i installed in the
default installation directory, these files reside in the ‘'C:\Program Files\CERTS-EPG Grid JP\RTOMS Server 3 Oalarm\' directory).

Not only are the generated alarms permanently logged at the Server, these alarms are snmediately made wsible on all RTOMS Chents that are connected to the Server at

the time  Whanaver, 3 néw wiolation is detected at the Samver, the "Alam Loge” tab located in the top right comer of all RTDMS Clients is highlightad in red to indicate the
occurtence of 3 new alarm (Figurs 68). This “Alarm Logs™ tab remains red until the alarm is scknawledged by the user.

e oo |

Figure 68: “Alarm Logs” Tab Highlighted in Red to Alert RTDMS User of New Alarm

Heo |

To acknowledge the alarm, click on this tab and the *Alarm Log" box pops-up (Figure 69). Though sl the alarms are logged a1 the RTOMS Server as & text he user
may be selectr on the alarms he wishes 1o see at the RTOMS Chent This 15 dane by selecting/deselecting the appropnate alarm types withn the *Alarm Log” box. For
#ach alam listed in the box, the alam log provides infrmation on the signal associated with the violation, the 1art time of the violation, the and time of the violation (or
most current time during a violation), the violation value and corresponding theeshold, and the nature of the violation.

i

ik

instability.
S—

= Phase angle differences across different utilities with respect to their alarming thresholds to assess the static stress across the system and its

proximity to

“ic Power Group

e
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Contact Information

Manu Parashar
Office: (626) 685-2015 ext 130

parashar@electricpowergroup.com

LERTS 3 Electric Power Group
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Any Questions
Before We Move
On To The Demo?

LERITS ¥ Electric Power Group
Si



Start RTDMS Client Application

Real-Tinse Dynamics Monitoring System v3.0 - Grid 3P =J=%d

LCERTS ¥ Electric Power Group
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Freqguency Monitoring Display

E
8
s
s
3
&
3
H
z
5
3
s
]
o

1-Panel Visual

4-Panel Visual

3 Electric Power Group
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Path Dynamics Monitoring Display
— Local and Wide-Area Views

One Panel View .
Local View

LCERTS ¥ Electric Power Group
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Relative Angle/Voltage Magnitude Monitoring Display
— Local and Wide-Area Views

Wide-Area View

One Panel View

Local View

LCERTS ¥ Electric Power Group
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MW and MVAR Monitoring Displays

4-Panel View MW

One Panel MW/MVAR

4-Panel View MVAR

LCERTS ¥ Electric Power Group
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RTDMS Version 4.0 -
End of 1 Quarter 2006
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R

WI Partitioned
into 3 Regions
Inter-Area Path
Dynamics
Shown in
Geographic
Display

Gauges to
guantify worst
performing
metric (i.e.,
current value,
mean, standard
deviation, etc)

Monitor

Summary Dashboard Display

DMS DASHBOARD SUMMARY

& Real-Time Dynamics Monitoring - Grid3p =kd

m

ent Files Report Alam Logs Conbigueation Help

Western Interconnection Reliability Coordinator Local Area

Grand Coules Hanford Voltage

~r’

Ji D .
ohn Day Bus Voltage Colstrip Bus Voltage

Malin N.Bus Voltage

Ault 345 KV Veltage (Cralg)

Shiprock 345 &V Voltage (San Juan Line)

Vincant 500 KV Voltage

O
Devers 500 KV Bus Voltage

w. MW
&) MVAR <

[ 11 | -
MVAR

100 78 %0 ° S 75 100 093 095 100 105 1.08 400 75 50 o s 100 Monitor
Pescent Angle Oifesence wit Theasheld (%) Voltage Magnitude (Per Unit) Percent Angie Diference wrt Threshoid (%) status Of
[ © O 0 §&
_ - at each
Path Dynamics Voltage Magnitude MW Flows MVAR Flows RC

status of s
key WI
metrics

10.23.03 10.25.03 10.27.03
Track worst performing point/path for selected metric
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RTDMS PMU PERFORMANCE MONITORING

» Real-time PMU status information provided within RTDMS displays

» Historical PMU performance shown as charts/tables:

PMU Data Unavailability Chart

Friday, September 16, 2005 11:25 AM PST

|:] Drop out

[ Trans. Error

B sync Error

PMU Data Unavailability Report

Friday, September 16, 2005 11:25 AM PST

100 —
75:
g ]
£ 50—
= I
a _
25:
P P Sy Il .............. bt Lot At Ayl " ek e
B T T HH I LR A LR R AT H S R R e R M I AP R S LR EA R L HH DU AL R TR SR A
| WAPA | BPA& | SCE | PGSE
Daily
Plots and Tables indicate data unavailability by:
‘Dropouts’, ‘Transmission Errors’, ‘Synchronization Errors’

Unavailable (%)

Available Contact
Emt.Nams (%) Drop Trans. Sync. Information
out Error Error
VWAPA 0.90
Brai S I ) (123) 456-7890
x WAPA 100.00
o
= T 1 Mol o | B | edsedenl
WEPA, 700
0% 9800 g5 I I 456-7590
]
BP& PMLA 100 - —— (123) 456-7890
1]
BPA PMU2 100 5 O (123) 456-7890
o 100,00
a | BPA PMU3 0 THa05] O (123) 456-7590
BPA PMU4 | ©5.00 9300 (123) 456-7890
3400 | 0 ] 100

3 Electric Power Group

Slide 56




RTDMS TRENDING AND REPORTING

Data Trends Report Dialog

Start Date/Time an . Sep 16, 2005 ;I |11:25:00AMﬁ

Signal Type I Relative Angle :J
Relative Voltage Angles -Sep 16, 2005
- Sona Sclecion EEEEEEBEEEENMEENEEENEEENRERERE
i Signal : . o * % : *
Liccleced Sones =) Scecicd Sonek s ~—Grand Coulee Hanford (Mean =42° Std. Dev. = 3°)
Grand Coulee Hanford - Summer Lake 500 kV Voltage-N 100 f=eee-i- ° o
Grand Coulee Schultz Summer Lake 500 kV Voltage-S : —Grand Coulee Schultz (Mean= 3§ Std. Dev. = 10°)
"{‘?P}p [,)qag Bus > l Ashe 500 kV Voltage-5 : : : : : ~John Day Bus (Mean = 34° Std. Dev. = 10°)
c;s"(}ipélf OO T N R O N Summer Lake 500KV N (Mean =0° Std. Dev. = 0°)
Maple Valley Bus = l DR R T A — Ashe 500KV S (Mean = -2° Std. Dev. = 19)
i 5203%% B ¢ o & & o B o gk B4 — Keeler 500KV (Mean =2° Std. Dev. = 1°)
CZ;teJlack 500 k\l/Js = : : : ; : : : : ; : Malin N Bus (Mean =14° Std. Dev. = 8°)
s : H : : ~— Maple Valley Bus Std. Dev.=7°)
~Reference Selection ~ : ? : ? f : : :
|
Reference Signal Ashe 500 kv __v_l !
j

oK I Export Cancel

Angle - Degrees

Select ‘Signals’, ‘Signal Type’ and
‘Date/Time’

- Create trend plots o
- Export data into excel or text files :

i i i i i i i i i i i i i i i i i i
00:00 01:00 02:00 03:00 04:00 05:00 06:00 07:00 08:00 09:00 10:00 11:00 12:00 13:00 14:00 15:00 16:00 17:00 18:00 19:00 20:00 21:00 22:00 23:00
Time - Hour:Minute (EDT)

CERTS ¥ Electric Power Group

Slide 57



